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A simple and direct criterion of effectiveness used in the empirical literature is whether the exchange rate level reacts to the central bank purchases or sales of foreign currency in the intended direction the day of the intervention (Baillie and Osterberg, 1997; Dominguez, 1998; Beine, Bénassy and Lecourt, 2002) . The adoption of this criterion stems from the fact that the most fre-quent objective followed by central banks concerns the dynamics of the first moment of exchange rate returns. In general, the bulk of the empirical studies found that central bank interventions did not induce the intended changes in the exchange rate level. Some studies found even some moderate evidence of perverse results (i.e. currency depreciation following the purchase of this currency), which is difficult to rationalize (see nevertheless Bhattacharya and Weller, 1997) . Quite recently however, new empirical approaches have provided more support for efficiency in the sense that the exchange rate was found to react significantly (and in the intended direction) to the central bank operation. Using intradaily data, Dominguez (2003) as well as Payne and Vitale (2003) indeed show that such an effect might show up in the very short run, i.e. within a few minutes after the occurrence of the operations. In a different perspective, accounting explicitly for the simultaneity issue, Kearns and Ribogon (2004) find more promising results at a daily frequency for the operations carried out by the Bank of Japan and the Reserve Bank of Australia.
While simple and straightforward, the use of this criterion of effectiveness raises two questions. First, the objective followed by the central bank might be less simple than influencing the level within the day or the hour of the intervention. For instance, the central bank might be willing to break a past depreciating or appreciating trend of its currency. In this case, insignificant results in terms of returns might lead to overemphasizing the poor performance of the operations. To tackle this point, some authors (Fatum and Hutchison, 2003; Morel and Teïleitche, 2004 ) have conducted event studies that allow to introduce more flexibility in terms of the possible objectives followed by the central bank(s). 2 The second issue is the optimal horizon followed by central banks. While this horizon might differ across central banks and over time, central bank surveys (Neely, 2001) tend to show that central banks also care about the developments of the exchange rate beyond the day of the intervention. Promising outcomes generated by the intervention in the very short run might thus be meaningless for central bankers if they are reversed later on.
Conversely, the use of successive interventions that might signal commitment of the central bank to defend the currency (such as the policy followed by the Bank of Japan in 2003 and 2004) might 2 While interesting, we do not follow here this kind of approaches that in turn raise some questions about their implementation. There are in particular two critical issues associated to the use of event studies for assessing the impact of FX interventions. The first one is the definition of an event and in particular the definition of clustered operations that should be considered as one single event. The second point concerns the endogeneous definition of the event. For instance, if a particular central bank keeps intervening until the objective is reached, the use of event studies might lead to a bias in favour of efficiency. Interestingly, this general conclusion turns out to be more supported by this strand of the literature.
lead to more favourable results that can be difficult to identify in the (very) short run.
In this paper, we adopt another criterion for efficiency of the FX central bank interventions.
We consider a given central bank intervention as efficient if it moves the exchange rate in a direction consistent with the fundamental equilibrium exchange rate. Central banks often claim that their interventions aim at restoring the value of exchange rates to a level consistent with the fundamentals. While central banks pursue other goals, the specific objective of minimizing the degree of misalignement has been extensively included in loss functions used in theoretical analyses The paper is organized as follows. In section 2 we present a model of the foreign exchange market in which two types of agents, chartists and fundamentalists, interact. We model foreign exchange market interventions within this model. The main prediction of the model is that sterilized intervention can be effective by making fundamentalist forecasting more profitable thereby increasing the importance of fundamentalist forecasting. In section 3 we test the prediction of this model. We first estimate a two-state Markov-switching model allowing for an exchange rate dynamics consistent with the forecasting rules of the chartists on the one hand and of the fundamentalists on the other hand. The role of central bank interventions is introduced through its impact on the dynamics of the first order transition probabilities across regimes and hence on the dynamics of the proportion of each type of agents. Section 4 briefly concludes.
The underlying theory
In this section we develop a simple exchange rate model. The model is based on De Grauwe and Grimaldi(2004). It consists of three building blocks. First, utility maximising agents select their optimal portfolio using a mean-variance utility framework. Second, these agents make forecasts about the future exchange rate based on simple but different rules. In this second building block we introduce concepts borrowed from the behavioural finance literature. Third, agents evaluate these rules ex-post by comparing their risk-adjusted profitability.
The optimal portfolio
We assume agents of different types i depending on their beliefs about the future exchange rate.
Each agent can invest in two assets, a domestic asset and foreign assets. The agents' expected utility can be represented by the following equation:
where W i t+1 is the wealth of agent of type i at time t + 1, E i t is the expectation operator, µ is the coefficient of risk aversion and V i t (W i t+1 ) represents the conditional variance of wealth of agent i.
The wealth is specified as follows:
where r and r * are respectively the domestic and the foreign interest rates (which are known with certainty), s t+1 is the exchange rate at time t + 1, d i,t represents the holdings of the foreign assets by agent of type i at time t. Thus, the first term on the right-hand side of (2) represents the value of the foreign portfolio expressed in domestic currency at time t + 1 while the second term 5 represents the value of the domestic portfolio at time t + 1 3 .
Substituiting equation (2) into (1) and maximising the utility with respect to d i,t allows us to derive the standard optimal holding of foreign assets by agents of type i 4 :
where
The optimal holding of the foreign asset depends on the expected excess return (corrected for risk) of the foreign asset. The market demand for foreign assets at time t is the sum of the individual demands, i.e.:
where n i,t is the number of agents of type i.
Market equilibrium implies that the market demand is equal to the market supply Z t . Thus,
The market supply is determined by the net current account and by the sales or purchases of foreign exchange of the central bank. We will assume that the net current account is exogenous.
In section 2.4 we model these sales and purchases by the central bank. Substituting the optimal holdings (3) into the market demand (4) and then into the market equilibrium equation (5) and 3 The model could be interpreted as an asset pricing model with one risky asset (e.g. shares) and a risk free asset. Equation (2) would then be written as
where s t+1 is the price of the share in t + 1 and y t+1 is the dividend per share in t + 1. 4 If the model is interpreted as an asset pricing model of one risky asset (shares) and a risk free asset, the corresponding optimal holding of the risky asset becomes
where s t+1 and y t+1 are the price and the dividend at t + 1, respectively, and σ 2 i,t ≡ V i t (s t+1 + y t+1 ).
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solving for the exchange rate s t yields the market clearing exchange rate:
is the weight (share) of agent i, and
Thus the market clearing exchange rate is determined by the forecasts of the agents, E i t , about the future exchange rate, their respective weights w i,t and by the net supply of foreign assets Z t .
Note also that the forecasts are weighted by their respective variances σ 
The forecasting rules
We now specify how agents form their expectations of the future exchange rate and how they evaluate the risk of their portfolio.
We start with an analysis of the rules agents use in forecasting the exchange rate. We assume that two types of forecasting rules are used. One is called a "fundamentalist" rule, the other a "technical trading" rule 5 . The agents using a fundamentalist rule, the "fundamentalists", base their forecast on a comparison between the market and the fundamental exchange rate, i.e. they forecast the market rate to return to the fundamental rate in the future. In this sense they use a negative feedback rule that introduces a mean reverting dynamics in the exchange rate. Thus, the forecasting rule for the fundamentalists is :
where s * t is the fundamental exchange rate at time t , which is assumed to follow a random walk and 0 < ψ < 1. We assume that the fundamental exchange rate is exogenous. 5 The idea of distinguishing between fundamentalist and technical traders rules was first introduced by Frankel and Froot(1987).
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The timing of the forecasts is important. When fundamentalists forecast the future exchange rate they use publicly available information up to period t − 1. This implies that fundamentalists make their forecasts before the market clearing exchange rate s t has been revealed to them 6 . This assumption is in the logic of the model used here in which agents do not know the full model structure. As a result, they cannot compute the market clearing exchange rate of time t that will be the result of their decisions made in period t 7 .
The timing assumption underlying the agents' forecasts in (7) allows us to derive the market clearing exchange rate in (6) as a unique price for which demand equals supply (see Brock and Hommes (1998) ). An issue that arises here is how this timing assumption can be made consistent with the optimisation process described in the previous section. There we assumed that when computing their optimal holdings of foreign assets in period t, agents have information about the exchange rate in period t. The inconsistency is only apparent. The optimal holdings derived in equation (3) can be interpreted as a Marshalian demand curve in which an auctioneer announces a price, s t . Agents then decide on their optimal holdings conditioned on this announced price. The auctioneer then collects the bids and offers, and computes the market clearing price. The latter is not in the information set of the agents when they make their forecasts for the exchange rate in period t + 1.
The chartists are assumed to follow a positive feedback rule, i.e. they extrapolate past movements of the exchange rate into the future. The chartists' forecast is written as:
Here E c,t is the forecast made by the chartists using information up to time t − 1, and β is the coefficient expressing the degree with which chartists extrapolate the past change in the exchange rate; we assume that 0 < β < 1 to ensure dynamic stability. Thus, the chartists compute a moving average of the past exchange rate changes and they extrapolate these changes into the future 6 When we consider agents' expectations, at time t, of the exchange rate change we define
7 In an environment with fully and perfectly informed agents , agents know the underlying model and are capable of making such calculations. As a result, in such models agents use information about the exchange rate at time t.
exchange rate change. We set
Note that this assumption of exponential decay allows us to rewrite equation (8) as
Thus, technical traders take into account information concerning the fundamental exchange rate indirectly, i.e. through the exchange rate itself. Note that the same assumption about the timing of the information set is used here as in the case of fundamentalist forecasting.
We now analyse how fundamentalists and technical traders evaluate the risk of their portfolio.
The risk is measured by the variance terms in equation (6), which we define as the weighted average of the squared (one period ahead) forecasting errors made by technical traders and fundamentalists, respectively. Thus we assume σ
and where θ k = θ(1 − θ) k−1 are geometrically declining weights (0 < θ < 1), and i = f, c. Note that eq. (10) can be rewritten in the recurrent form
Fitness of the rules
The next step in our analysis is to specify how agents evaluate the fitness of these two forecasting rules. The general idea that we will follow is that agents use one of the two rules, compare their (risk adjusted) profitability ex post and then decide whether to keep the rule or switch to the other one. Thus, our model is in the logic of evolutionary dynamics, in which simple decision rules are selected. These rules will continue to be followed if they pass some "fitness" test (profitability test).
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In order to implement this idea we use an approach proposed by Brock and Hommes(1997) which consists in making the weights of the forecasting rules a function of the relative profitability of these rules, i.e. 8 :
where π 0 c,t and π 0 f,t are the risk adjusted net profits computed by technical traders and fundamentalists who forecast the exchange rate in period t using information up to t−1, i.e. π 0 c,t = π c,t −µσ 2 c,t
f,t , while π c,t and π f,t are the net profits, to be defined later.
Equations (12) and (13) can be interpreted as switching rules. When the risk adjusted profits of the technical traders' rule increases relative to the risk adjusted net profits of the fundamentalists rule, then the share of agents who switches and uses technical trader rules in period t increases, and vice versa. This parameter γ measures the intensity with which the technical traders and fundamentalists revise their forecasting rules. With an increasing γ agents react strongly to the relative profitability of the rules. In the limit when γ goes to infinity all agents choose the forecasting rule which proves to be more profitable. When γ is equal to zero agents are insensitive to the relative profitability of the rules. In the latter case the fraction of technical traders and fundamentalists is constant and equal to 0.5. Thus, γ is a measure of inertia in the decision to switch to the more profitable rule.
We depart from the Brock-Hommes approach in the way we define profits. In Brock-Hommes profits are defined as the total earnings on the optimal foreign asset holdings. We define the profits as the one-period earnings of investing $1 in the foreign asset. More formally 10 ,
Thus, when agents forecasted an increase in the exchange rate and this increase is realized, their per unit profit is equal to the observed increase in the exchange rate (corrected for the interest differential). If instead the exchange rate declines, they make a per unit loss which equals this decline (because in this case they have bought foreign assets which have declined in price).
Assuming the process of the fundamental exchange rate s * t as exogenously given, the system of the dynamic equations (6), (7), (8), (10), (12), (13), (14), some of which are high order equations, defines a high-dimensional nonlinear discrete-time model. The non-linear structure of the model does not allow for a simple analytical solution. As a result we have to use numerical simulation methods. This is done in De Grauwe and Grimaldi (2004) with a calibrated version of the model.
These authors show that the model is capable of generating all the empirical "puzzles" observed in the foreign exchange market. These empirical puzzles are first and foremost the disconnect phenomenon (see Obstfeld and Rogoff (2000) who coined the term "disconnect puzzle"). De
Grauwe and Grimaldi (2004) showed that the model is capable of mimicking this disconnect puzzle.
Modelling official interventions in the foreign exchange market
The model presented in the previous sections allows for an easy way to introduce the interventions of the central bank. The supply of foreign assets Z t in equation (6) is determined by the current account position, i.e. a surplus (deficit) in the current account increases (decreases) the supply of foreign assets. The supply of foreign assets, however, can also be influenced by the intervention 10 where sgn[x] is defined as
activities of the central bank. More specifically, when the central bank sells foreign exchange it increases the supply of foreign assets Z t . This will generally put downward pressure on the exchange rate. This can also be seen from equation (6): the sign of Z t is negative. Conversely when the central bank buys foreign exchange it reduces the supply of foreign assets putting upward pressure on the exchange rate.
It can be useful to analyse the impact effect of a surprise change in foreign assets on the exchange rate. We obtain this by isolating the effect of a change in Z t in equation (6) . Setting the expectational terms equal to zero, and using the definition of Ω t we obtain
where X t = ∆Z t /N, i.e. the supply of foreign assets per capita. As before, we have also assumed that there are only two types of agents, i.e. chartists and fundamentalists (subscipted by c and f respectively).
Equation (15) makes clear that the effect of a foreign exchange market intervention on the exchange rate will be difficult to predict ex ante because it depends on the weights the chartists and fundamentalists have in the market, together with the forecast errors they have been making in the past. In other words the effect of interventions will depend on the market structure and the risk perceptions at the time of the intervention. Since these factors change continuously, the effect of interventions will also change.
It should also be stressed that we analyze the effects of sterilized interventions here, i.e. interventions that are not allowed to affect domestic money market conditions, including the domestic interest rate. Thus we analyse interventions that do not affect the fundamentals.
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We investigate this question of the effectiveness of interventions assuming a simple intervention rule. The intervention rule we consider is one in which the central bank is continuously in the market smoothing the movements of the exchange rate by using a "leaning against the wind" intervention rule. 12 We specify this rule as follows:
where ς ≥ 0. Thus when the exchange rate increases (decreases), the central bank sells (buys)
foreign exchange in the market so that the supply of foreign assets increases (decreases). The parameter ς measures the intensity with which the central bank performs these operations. Note that as in the case of the private agents the current exchange rate is not in the information set of the central bank. The current exchange rate is the market clearing exchange rate that will be the outcome of the decisions of both the private agents and the central bank, but is not yet known when agents make their decision.
We now implement this simple intervention rule by substituting equation (16) we assume that ς = 0.1. We find that as ² is increased the exchange rate is forced to move more thightly around its fundamental. Thus it appears that this simple rule is capable of reducing the large disconnnection of the exchange rate from its fundamental in a free float environment. As a result the application of this rule ensures that the exchange rate better reflects the underlying fundamental.
The intuition behind this result is that the "leaning against the wind" strategy of the central bank reinforces the mean reverting dynamics in the market thereby strenghtening the hand of the fundamentalists at the expense of the 'trend chasers' (chartists). This stabilizes the market and reduces the probability of the emergence of bubbles. Thus the effect of this intervention is that the exchange rate follows the movements of the underlying fundamentals more closely 13 .
In order to shed additional light on the question of why a simple intervention rule can be effective, we show the average weight of the chartists and fundamentalists corresponding to the three scenarios in Table 1 . We see that in the free float simulation the chartists have on average a weight of 90% in the market (the fundamentalists' weight is then 10%), while in the scenario of intense intervention (ς = 0.1) the average weight of the chartists declines to 76% (the average weight of fundamentalists increases to 24%) Thus when the central bank successfully stabilizes the exchange rate so that it closely reflects the fundamentals, the fundamentalists on average have a higher share in the market than when the central bank does not intervene. Put differently, systematic interventions by the central bank change the structure of the foreign exchange market,
i.e. they reduce the importance of chartists and increase the importance of fundamentalists. Thus, the "leaning agains the wind" intervention rule of the central bank creates an environment in which the fundamentalists are more active thereby keeping the exchange rate close to its fundamental.
The reason why this is made possible is that the intervention rule increases the mean reversion forces in the market thereby making fundamentalists forecasting rules more profitable. We show this in Table 1 where we present the average profits of chartists and fundamentalists in three scenarios . We find that in the intervention scenarios (ς = 0.01 and ς = 0.1) the fundamentalists make significantly more profits than in the free float scenario (ς = 0). The reverse is true for the chartists' profits. This confirms that the intervention rule of the central bank increases the relative profitability of fundamentalist forecasting rules, thereby enhancing the position of fundamentalists in the market 14 . Thus the stabilizing effect of the intervention rule comes about indirectly, i.e.
it makes fundamentalist forecasting more attractive thereby allowing the market to discover the fundamental value of the exchange rate more effectively.
Our results are consistent with the signalling channel of foreign exchange market interventions.that has been stressed by Dominguez(1998), Sarno and Taylor(2001) and others. In our model the interventions signal the central bank's commitment to avoid too large departures from 13 In De Grauwe and Grimaldi(2005) we analysed the target intervention rule as proposed by Williamson and Miller (1987) . The results are very similar to the simple leaning against the wind rule analysed here.
14 Note that even in the intervention scenarios, chartism remains more profitable than fundamentalism. in a random way, the effects of these interventions on the exchange rate are highly unpredictable.
The reason why they obtain this result can readily be seen from equation (15) . A random change in X has an unpredictable effect on the exchange rate because, as we argued earlier, it depends on market conditions prevailing at the time of the change in X. As a result, a given sale or purchase of foreign exchange can have very different effects on the exchange rate depending on the volatility in the market and the share of chartists at the time of the intervention. probabilities are supposed to be constant over time. 15 We denote e t as the log of the Euro/USD exchange rate and we define the (bi-weekly) return as r t = 100 * [ln(e t ) − ln(e t−1 )].
In the first regime, the chartist regime, in line with the theoretical model (see equation (8)), agents are supposed to use only past exchange rate developments to forecast future fluctuations of the currencies. The general specification of the chartist regime is given by:
where r c,t is the forecasted value of r t by chartists, ² c,t is the error term peculiar to chartists and C is the general function used by chartists for the purpose of forecasting.
In contrast to chartists, fundamentalists consider the exchange rate as reacting to misalignments of the current exchange rate level with the fundamental equilibrium value. The empirical specification is fully consistent with the theoretical forecasting rule for fundamentalists (equation (7)) :
where r f,t is the forecasted value of r t by fundamentalists, ² f,t is the error term peculiar to fundamentalists, ψ is the parameter used by fundamentalists to forecast the exchange rate using the known value of the exchange rate misalignement and f t−1 is the empirical countepart of the log of s * t−1 in (7) . Typically, parameter ψ should be negative in this regime to capture a mean reverting behaviour of the exchange rate towards the fundamental value (depreciation required to correct overvaluation). 16 In the Markov-switching model, the dynamics of the exchange rate is driven by the value of a latent variable l t that captures whether the prevailing regime is the chartist one (l t = c) or the fundamentalist one (l t = f ). The special insight of the first-order Markov-switching model is that the dynamics of l t is driven by first-order transition probabilities.
In the basic Markov Switching model (Hamilton, 1989 and 1994 for instance), these transition probabilities are assumed to be constant over time. In the case of two regimes, these transition probabilities are defined as :
In this model, p captures the probability of remaining in the chartist regime from one period to the other. It is therefore a measure of the persistence of the regime from which it is possible to compute theoretically the expected number of periods during which the economy will be in this regime. 17 For the sake of the future extension to the case of time-varying transition probabilities (TVTP), it may be useful to express p and q through a logistic specification of the type :
Notice that if the parameters π 0 and κ 0 expressed on the logistic scale take both zero values, then p and q equal 0.5. In this case, the probability of remaining in the regime is equal to the probability of leaving the regime, suggesting that a Markov-switching approach is rather inappropriate to capture the dynamics of the exchange rate return. Although these specification tests may appear rather simple, Hamilton (1996) shows that t-tests applied to the transition probabilities of the type [p − p 0 ]/σp (where p 0 denotes the value of p under the null andσp the estimate of the standard error ofp) can be trusted, both asymptotically and in finite samples 18 . ) of these equilibrium exchange rates. The specific insight of these estimates is that they provide levels consistent with a joint equilibrium of all countries included in their sample (broadly speaking, the OECD countries). Furthemore, the equilibrium value is defined as the one consistent with external and internal balance of these economies.
Preliminary investigation
We first compute for a given year the value of the nominal equilibrium exchange rate for the 19 As for the exchange rate quotation, we use values observed on Fridays at 21.00 GMT+1 physical time. This choice ensures that interventions conducted by both central banks during the two last weeks occur before the quotation of the rate, assuming implicitely that these interventions take place on their own local markets. This assumption is supported by the evidence provided by Dominguez (2004) The second issue is the exact nature of the C function in the chartist regime (equation (17)).
Chartists are usually reported to use a complex set of moving average rules leading to heterogeneous strategies across agents. This heterogeneity makes the identification of the agregate chartist forecasting rule quite cumbersome. Since chartist behaviour is not directly observable, there is a large number of admissible specifications for equation (17) , which need to be evaluated. The retained specification should be therefore selected on the basis of data adjustment. As a premiminary check, we have estimated simple AR-GARCH models of the following type:
where r t is the return of the DEM/USD exchange rate, σ 2 t is the conditional variance and r 0 , ρ i , λ, ω, ϕ and η are parameters to be estimated. 20 We find reasonable evidence of a mean reverting behaviour of r t towards the equilibrium level with λ equal to a value close to 1.35 and a significance level slightly above 5 percents. We do not find any evidence of significant autoregressive coefficients for g up to 10. This is hardly surprising given that the model is a single regime model capturing some mixture of the dynamics between the chartist and the fundamentalist regimes. Nevertheless, almost all coefficients turn out to be positive, suggesting that agents make use of extrapolative moving average rules capturing the medium-run evolution of exchange rates.
Replacing the autoregressive part P g i=1 ρ i r t−i by the past cumulated returns [e t−1 − e t−(p+1) ], we find limited evidence of a positive relationship. In particular, we find that for g = 4, this term exibits a positive relationship with a p-value slightly above 10 percents. This might suggest that on average chartists extrapolate returns using a two-months window. We build on this preliminary evidence to find a suitable specification to equation (17) in the chartist regime.
The constant transition probabilities case
Based on the preliminary evidence and after testing competing models, the retained specification for the chartist equation is : r c,t = α 1 (e t−1 − e t−5 )1
where 1 is the indicator function taking 1 if the condition within brackets is satisfied, 0 otherwise and − b is some constant threshold. In this specification, chartists use past exchange rate trends defined over the last four periods (last two months) in a non linear way. The extrapolation rate is different whether short run volatility (captured by | r t−1 |) is below or above some threshold. To measure this threshold − b, we choose the average value of | r t−1 | over the entire sample. 21 This specification therefore captures the fact that chartists will behave differently whether the level of exchange rate volatility has been relatively high or not.
The Markov-switching regimes are estimated by the Expected Maximum Likelihood (EML)
procedure (see for details Hamilton 1994) . Basically, the EML estimation relies on the maximiza-tion of the log-likelihood function
in which Γ is the conditional density of ² t and Θ t the information set at time t. In the EML procedure, the log-likelihood is computed from the sum of the log-likelihood values conditional upon each regime:
It is assumed that Γ is gaussian. 22 It should be stressed that for assessing the relevance of the two-regime model against a one-regime model, the standard conditions are not fulfilled to carry out the usual likelihood ratio tests (LRT). Several solutions have been proposed (see for instance
Hansen 1992), including the adjustment of critical values proposed by Garcia (1998) for a set of specific two-regime models. When these adjusted critical values are not available, one has to rely on auxiliary tests. Table 2 reports the estimates of the basic chartist-fundamentalist model for two alternative specifications. Several comments are in order. First, the model estimations clearly identify the fundamentalist regime. The ψ parameter is significantly positive, suggesting a mean-reverting behaviour of e t towards its fundamental value f t . This finding is highly robust to alternative specifications and to the extension of the model to time-varying transition probabilities (see section 3.4). Second, the model estimates suggest that in the chartist regime, agents tend to extrapolate past trends only when the short-run volatility is relatively high (α 2 > 0). The p-value of this parameter is slightly above the 5% significance level (p-values of 5.3 and 5.7 percents for respectively specification (1) and specification (2)). In contrast, when the level of short-run volatility is historically low, chartists see the exchange rate as following a random walk: α 1 is insignificantly different from zero and is therefore excluded in the second specification (last column in table 1). These results suggest that the chartist regime is at best non stabilising for the exchange rate and can be even destabilizing in relatively turbulent markets. Importantly, the results are consistent with the .03 standard errors of expected maximum likelihood estimates are in brackets. ***, ** and * refer to significance at 1%, 5% and 10% nominal levels standard errors of p and q computed with the delta method (8)). Third, our estimates of the error variances suggest that on average, the chartist regime is riskier than the fundamental one. Finally, regarding the transition probabilities, the estimates suggest the existence of a significant degree of persistence within each regime, with probabilities of remaining in the previous regime amounting to about 0.93 for both types of agents. The ergodic (long-run) probabilities (implied by the estimates of p and q in specification (1)) amount to 0.498 and 0.502 in respectively the chartist and fundamentalist regimes, suggesting that on average, the proportion of both type of agents is equal. Of course, this does not rule out periods in which one regime prevails. Nevertheless, examining the smoothed probabilities that capture the probability of being in both regimes, we do not find any evidence of proportions of chartists or fundamentalists equal to 1. For the sake of illustration, the highest proportion of chartists amounts to 0.89. We find a very small proportion of chartists in the very beginning of the sample (below 0.01) but these proportions are never equal to zero. In other terms, the model suggests that the dymamics of the exchange rate is always a mixture of the dynamics intrinsically related to both regimes.
The role of interventions

The TVTP model
In specification (22) (23) , the transition probabilities of remaining in a particular regime depend only on the previous state of the economy (l t−1 ), i.e. the nature of the regime prevailing during the previous period. One possibility to capture the impact of exogenous variables is to make these transition probabilities dependent on these variables. In our analysis, we introduce central bank interventions that take place during the two preceding weeks. While specific, this extension is consistent with the theoretical model exposed in section 2. Indeed, in the chartists-fundamentalists framework, the dynamics of the exchange rate is intrinsically related to the proportion of each type of agents. These proportions depend primarily on the profitability of the respective forecasting rules (equations (12) and (13)). In turn, the relative profitabilities are affected by the occurrence of the central bank interventions in the FX markets. As a result, as suggested by the simulation outcomes, the proportions of chartists and fundamentalists are affected by the central bank purchases and sales of foreign currency. Through the extension to time-varying transition probabilities that depend on these interventions, our empirical modelling closely reflects the way the impact of FX interventions is captured in the theoretical model.
To implement the TVTP estimation, we followe Filardo (1994) as well as Diebold, Lee and Weinbach (1994) and use a logistic specification. In this case, denoting by I i,t−1 intervention of type i which has taken place between t − 1 and t and building on equations (21-22), we extend the chartist-fundamentalist model as :
The full model is made of equations (18-24-26-27 ).
CBI Data
The central bank intervention data used in this paper are direct purchases and sales of foreign Here, we disregard the amounts and use the latter approach. There are two basic reasons for which using total amounts can be misleading. First, these amounts are released with a lag of several months (usually between 3 and 6 months) by central banks and news wire reports clearly show that currency traders do usually a very bad job in estimating the level of currency transactions from the observation of the flow orders. Second, along the signalling channel, amounts of interventions should exert a very non linear effect on the reaction of currency traders, which leads to a cumbersone empirical identification of these effects.
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The second choice regarding the measure of central bank's activity is whether one should use perceived rather than official interventions. The difference between these categories gives the number of secret (i.e. unreported) interventions carried out by the monetary authorities.
In this respect, Beine and Lecourt (2004) propose a new method based on newswire reports to disentangle official interventions into reported (i.e. perceived) operations and secret ones. As usual in this literature, the decomposition relies on the information available to traders the day of the intervention. Since we use data at the bi-weekly frequency, such a decomposition might nevertheless be misleading. Some operations which are unknown to traders the day they were carried out (and thus classified as secret interventions) might be disclosed a few days later through rumours or confirmation statements given by officials. However, using the mere number of official daily intervention days might also be misleading in the sense that the exact number of interventions over the two previous weeks might also be unknown. As a result, we use two alternative measures. The signalling theory that emphasizes the information content embedded by these operations also implies such an asymmetric effect. Nevertheless, this distinction has been especially relevant for studies using high frequency data and it is less clear that such a decomposition is needed when using bi-weekly data. From a statistical point of view, the distinction between concerted and unilateral operations also allows to reduce the observed degree of correlation between the intervention variables and to reduce the problems of multicollinearity (see Beine et al., 2003 for some extensive evidence on weekly data). This high degree of correlation is due to the important proportion of concerted operations observed especially during the first part of the sample. This is particularly important when measuring central bank activity by the total number of intervention days over the previous period. As a result, we use two alternative measures of central bank activity. As a first measure, we use the number of intervention days of both central banks (ECB and the Fed), whether they are coordinated or not. As a second measure, we disentangle these operations into unilateral operations of each central bank and concerted operations. Table 3 concerted operations. 24 The results specific to this specification are reported in column (2) of On the whole, we find that the occurrence of interventions has induced some increase in the proportion of fundamentalists, especially when these operations took place when the chartist regime prevailed. Indeed we find some evidence that the transition probability of remaining in the chartist regime significantly decreases as a result of the occurrence of the FX interventions. This is the case for the Bundesbank interventions (π 2 < 0), regardless of the way they are measured.
The results
We observe the same effect for coordinated interventions when central bank activity is captured through a single dummy variable (see π 3 < 0 in column 4). This may suggest that traders pay attention to the fact that the central banks were active during the past two weeks rather than to the pure number of occurrences of this type of operation.
26 Importantly, we do not find any evidence of some effect of interventions driving the exchange rate towards a value consistent with the chartist dynamics. found that the Fed adopted a leaning-against-the-wind policy before 1990, they also document a stronger reaction of the US authorities to exchange rate volatility. This suggests that the Fed is less keen to adop a specific intervention rule aiming at reducing the degree of misalignement.
This behaviour was confirmed in the nineties during which the official motivation to intervene was more to react to market disorders.
28
26 Once more, it should be stressed that traders are not necessarily able to observe the total number of operations in the short run. This is especially the case during the first part of the sample in which the quality of news wire services was relatively lower. 27 For the central bank interventions taking place when the fundamentalist regime prevails, while negative, the impact is never significant due to the very high value of uncertainty obtained in the parameter estimation. This is for instance striking in column 4 of Table 2 (see κ 1 , κ 2 and κ 3 parameters). Such a blowing up of the standard deviation might reflect that very few interventions occur when such a regime prevails, leading to very poor estimations of these parameters. 28 Interestingly, the quaterly report on the Treasury and Federal Reserve foreign exchange operations issued after the last intervention in 2000 states that the reason to intervene in support of the Euro was the prevailing excess exchange rate volatility.
To sum up, we find that if there is some effect of these operations at a two-weeks horizon, the purchases or sales carried out by the central bank tend to push the exchange rate in a direction consistent with the fundamentals. This can be interpreted to mean that interventions were on average effective in the medium run. This contrasts with the usual claim that interventions are not effective (and even counterproductive) since they hardly manage to move the exchange rate in the intended direction.
Conclusion
This paper aims at revisiting the issue of effectiveness of central bank interventions in the FX market. As an alternative to what has been used in the literature, we define an effective operation as the one driving the exchange rate closer to its fundamental value. To this aim, we analyze the effects of a central bank intervention rule within a theoretical framework capturing the interaction of the behaviour of chartist and fundamentalist traders in the FX market. The intervention is found to affect the relative profitability of the strategies developed by both type of agents, leading to an increase in the proportion of fundamentalist traders and hence a market exchange rate closer to the fundamental level.
We empirically assess the effectiveness of the interventions and focus on the effects of the operations carried out by the ECB (Bundesbank before the inception of the Euro) and the Federal Reserve in the Euro/USD market. We test to what extent the occurrence of the central bank interventions tended to affect the transition probabilities relative to the chartist and the fundamentalist regime. We find some evidence that in the medium run, the occurrence of some unilateral and to a lesser extent coordinated interventions led to a decrease in the proportion of chartists. To the extent that the chartist traders are found to extrapolate past exchange rate movements to forecast future values, we find that the interventions have the effect of bringing the exchange rate more in line with a value consistent with the fundamentals in the economy.
We take the view that our criterion of effectiveness of interventions is consistent with the general objectives pursued by central banks. It abstracts from simple criteria used before like the contemporaneous impact that can be inconsistent with the medium run goals followed by monetary authorities. Interestingly, while the bulk of previous studies often concluded against the effectiveness of the central bank interventions in the short run, our findings tend to give more support in favour of a reasonable degree of effectiveness in the medium run.
